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MODEL S SEAPLANE RECENTLY DELIVERED TO THE RHODE ISLAND NAVAL 
MILITIA 


DERFECT balance and ease of control 
1 combined with high power and 
unusual performance make Sturtevant 
Model S Steel aeroplanes and seaplanes 
of particular utility to militia organi- 
zations, where machines suitable for 
military use must to a large extent be 
operated by comparatively inexperienced 
aviators. 


uHwassrn uwiMt 

MUXWELL FIELD, XLXBXMX 

Constructors to U. S. Government 


AEROPLANE COMPANY 

Jamaica Plain, Boston, Mass. 


ignsi I. 1916 


V I A T I O 



Art Announcement 

“MODEL C” The New M. F. P. Steel Aeroplane Convertible 
Land and Water Model 

Lightweight, substantial construction, tapered nose, torpedo shaped 
streamline fuselage — scientifically designed to give the maximum efficiency 
when equipped with the famous 6 cylinder 125 H.P. Hall-Scott Motor. 

Speed, 45 to 90 miles per hour; climb (loaded), 3500 feet in 10 minutes; 
fuel capacity, six hours; weight of machine empty, 1620 pounds. 

In addition to the above points the new M. F. P. aeroplanes embody the 
following advantages: 

LIGHT IF EIGHT — Giving great speed range and reserve of climb. 
INTERCHANGEABLE PARTS — Taken down and replaced by 
standard pins and bolts. 

STEEL CONSTRUCTION — No warping or twisting of framework 
— unaffected by climatic conditions — a great advantage for military and 
naval service. Can be left exposed for months at a time. 

Investigate the merits of the M. F. P. Steel Aeroplanes and be convinced 
of their superior features. 

For full particulars, prices and demonstrations, address: 

M. F. P. AERO SALES CORPORATION, 705 Times Building, NEW YORK CITY 

POLSON IRON WORKS, TORONTO, CANADA 
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The Aviator — The Superman of Now 

The world has its eyes on the flying man. Flying is the greatest sport 
of red-blooded, virile manhood. 

Make your vacation the greatest you ever had by joining the Wright 
Flying School. Live in the open — in the aviators’ tent city. Con- 
venient hotels for the fastidious. 

A short course at the Wright camp will fit you to fly any type of machine. 
Expert instruction in flying, assembly, upkeep, motor-overhaul, etc. 
Dual controls. Pupil flies the first lesson. The school is located on 
Hempstead Plains — the greatest aerodrome in America. 

Send for New Booklet 

WRIGHT FLYING FIELD, Inc. 

60 Broadway, New York 
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THE GARDNER. MOFFAT COMPANY, Inc.. Publishers 

120 WEST 32 D STREET NEW YORK 


SUBSCRIPTION PRICE.- ONE DOLLAR PER YEAR. SINGLE 
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EMPIRE STATE AIRCRAFT CORPORATION 



MILITARY TRACTOR BIPLANES 


School machines equipped with duplicate (Dep) control if desired. 

We are prepared to execute orders according to specifications or furnish machines of our own 
design, already demonstrated and tried out. One or two machines usually on hand for prompt 
delivery. 

EMPIRE STATE AIRCRAFT CORPORATION 

30 East 42nd Street Telephone, Murray Hill 482 New York City 
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HERBERT M. WILLIAMS, B.S. 


T 11E future of the aeroplane will depend largely 
ou the use that is made of the technical infor- 
mation that is being gathered in all parts of the 
world. As this data is made available to the con- 
structor and engine maker, they will find its utilization 
more and more imperative for the scientific improve- 
ment in design and construction from the standpoint of 
safety and efficiency. Aeronautics has passed through 
the period of rule of thumb designing and empirical ex- 
perimentation. It is now a recognized science subdi- 
vided into many branches, and those who are working 
in aeronautical engineering cau rightly claim that it has 
reached the dignity of a profession. 

The pioneer work of the Wrights was not done wholly 
on the field. Their most important experimental activ- 
ities were carried on by innumerable tests in their 
primitive wind tunnel and by mathematical calcula- 
tions still in existence. The confidence with which they 
undertook their early work and the freedom from acci- 
dents were due mainly to the technical information 
they had gathered from every source available and the 
preliminary tests they made in their crude laboratory. 

Until the last few years aviation was not regarded 
seriously by the scientific world. It was considered 
only as a field of operation for the daring pilot and the 
enterprising sportsman. But now many of the most 
distinguished scientists iu all countries are giving aero- 
nautics close and careful study. From the work of 
these men aeronautics will derive the information upon 
whieli progress, such as has never even been thought 
possible, will be achieved. 

The United States, while deplorably backward in the 
expansion of aviation from the governmental stand- 
point, has been quietly coming to the front in its re- 
search work. The technical schools have established 
courses in aeronautics and highly trained specialists 
have been investigating various problems. Abroad 
numerous laboratories have produced an enormous 
volume of material. Much of this invaluable data has 
not been published, and such as lias been given out has 
been uncorrelated and can be found only in widely 
scattered publications. 

Aviation and Aeronautical Engineering intends to 
assemble this vast amount of material and make it use- 
ful to the constructor, the engine maker, the aviator 
and the sportsman. It will follow construction both 
abroad and in the United States, and present the latest 
developments in accurate, scientific and unbiased form. 
It is hoped that by undertaking this task a great stim- 


ulus will be given to the whole aeronautical profession. 
By recording the work of American aeronautical en- 
gineering, the world will soon be made aware that the 
birthplace of the aeroplane is still maintaining its 
leadership in aeronautics. By presenting in usable form 
the work done abroad by the leaders in this field. Avia- 
tion will perform a service of incalculable value to 
American industry. 

It is hoped that by undertaking this great task a 
stimulus will be given to the whole aeronautical pi-ofes- 
sion, the members of which will find in the new publi- 
cation a continuous source of reliable information as 
well as a medium worthy of receiving and transmitting 
to the aeronautical world the results of their valuable 
experiments, researches, constructional developments 
and matured views on the many controversial aspects 
of this great branch of engineering. 

The Appropriations for Aeronautics 

The t 'nugrcssional appropriations for aeronautics 
1 1 ilTo shown that at last the importance of this arm of the 
military and naval services is being taken seriously. The 
publ io,- awakened as it is by the daily reports of air 
exploits, is in a mood to support any action which 
Washington takes in the direction of American suprem- 

The early expenditures for battleships, dry-docks and 
other ldiva'l equipment seemed huge to the average citi- 
zen, but' hv making comparisons with foreign costs this 
impression soon disappeared. In the same way, the 
amounts necessary for the establishment of aviation on 
a proper scale in the Army, Navy. National Guard, 
Naval Militia and Coast Patrol will have to be compared 
with European expenditures to show how imperative it 
is to appropriate millions on millions of dollars for this 
increasingly important service. 

It is unfortunate that the war has closed sources of 
information which would help everyone to see the grave 
danger of unprotected skies. Such news as comes 
through the censors is mainly spectacular. The vast ex- 
pansion of the air services in the warring countries is 
not allowed to become known. The huge sums expended 
for laboratories, training stations and flying fields, re- 
pair shops and training personnel will only become 
known after the war. Then will come the awakening. 
Congress cannot be urged too strongly to listen to the 
advice of experts both in and out of the government 
service and be guided by tlieir conclusions. 
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M. EIFFEL IN HIS LATEST AERODYNAMICAL LABORATORY 


Course in Aerodynamics and Aeroplane Design 

By A. Klemin, A.C.G.I., B.Sc., S.M. 

Instructor in Aeronautics , Massachusetts Institute of Technology , Member of the Aeronautical Society of 
Great Britain and Ireland, 

T. H. Huff, S.B. 

Instructor in Aeronautics, Massachusetts Institute of Technology 
INTRODUCTION 

THE COURSE WILL. BE SUBDIVIDED INTO TWO BARTH: 

BART l. AERODYNAMICAL THEORY AND DATA. 

BART 11. AEROBLANE DESIGN. 

In BART I it is proposed to deal briefly tcith the fundamental ideas and theories of aerodynamics in a simple pet compre- 
hensirc manner. 

II is important for the aeronautical engineer and for everp student of aerodynamics to have at his disposal exact defini- 
tions of such terms as lift, drag or resistance , center of pressure, icing cord, angle of Incidence, and other well known ex- 
pressions. 

Although the exact nature of viscosity, skin friction, eddying or density resistance, stream line flow, turbulent flow, the 
sustaining action of cambered, wing surfaces, and the principles of comparison for forces on bodies of varying dimensions still 
present manft difficulties. It is hoped to give a simple and, above alt, practical summary of these points. The more difficult 
theoretical demonstrations will be reserved for special articles. 

The authors propose also to give a brief description of the chief aerodynamical, laboratories and of experimental meth- 
ods there employed. Without a knowledge of such methods, appreciation, and application of the laboratory data available is 
certainly not easy. 

Considering the comparatively recent growth of aerodynamics, the amount of material now available is extraordinary. 
It is unfortunately scattered through a variety of publications ; English, French, German, Russian and Italian, presented 
in r urging ways and in varying systems of units. Nor is all of it entirely worthy of credence. 

In this course it has been attempted to reduce this material, particularly that of English and French origin, to one system 
of presentation with forces measured in pounds, areas in sr/uare feet and velocities in miles per hour or feet per second, so as 
to be more readily applicable In American design; to include all the material which is trustworthy and of immediate and pressing 
utility to the designer, in carefully classified form. 

The Economic Laws of Flight will be fully dealt with, in horizontal unit ascensional flight. The consideration of the 
performance curves of a machine will he particularly useful to those engineers and students to whom the subject is com- 
paratively nctr. 

Throughout, illustrative problems trill be worked out on important points, especially to facilitate comparison between 
wing sections. 

BART 2 will include a discussion of available aeronautical materials, limber, sleel, alloys, rubber, etc. — with trustworthy 
values for stresses; a variety of diagrams and scale drawings representative of modern design, and a classification of the most 
important modern machines, with their main data. 

At this stage of the art, it is impossible to say that any method in design is standard, but a systematic procedure of design 
will be fully developed. 

Barticular stress is laid on the evaluation of factors of safely. The dynamic factor of safety, the material factor of safety, 
the worst loading possible in the air. the worst possible shock on landing; nothing offers so many possibilities of confusion 
and untrust worthiness; and nothing is in more need of definite and accurate statement. 

Complete strength calculations will be presented for fuselage, chassis, wing girdct'S, and controlling surfaces, and the 
design of a standard machine will be carried through, with consideration of motor and propeller problems, weight distribution 
and balancing. 

Finally two sections will be devoted to a consideration of dynamical stability, longitudinal and lateral. These problems 
have been ably treated by a number of distinguished men: Bryan, Bairstow, Reisncr, llunsakcr and Wilson, but merit a more 
simplified and more readily applied treatment. 

Til ROI C HOLT THE COURSE. THE MOST ELEMENTARY MATHEMATICS ARE EMPLOYED, AND NOTHING BEYOND A KNOWLEDGE OF THE 

First Mechanical Principles is Presupposed. 

ft is hoped, therefore, that the course will be easily understood by any engineer or student approaching the serious study 
of the aeroplane for the first time. At the same time it is felt that much will be of service even to the expert aeronautical 
engineer. 

The authors feel that they are greatly indebted to Lieutenant Jerome V. llunsakcr. whose research and classification work 
at the Massachusetts Institute of Technology has largely renderetl possible a systematic presentation of this great subject. 


PART I.— SECTION 1. 

Modern Aeronautical Laboratories 


Early Experimental Aerodynamics 
Aeronautics as a whole and aviation, the science of the 
heavier Ilian air machine, has from its earliest conception, 
been an experimental art. When Professor Langley in 1887 
started his experiments on an extended scale for determining 
the possibility of. and the conditions for, transporting in the 
air a body whose specific gravity is greater than that of air, 


he had before him papers by such scientists as Gay-Lussac and 
Navier, proving conclusively that mechanical flight was im- 
possible. 

Langley was not easily discouraged and by a carefully 
conducted series of experiments carried on under very ad- 
verse conditions, be was able to bmld a machine which though 
unsuccessful in its flight in his day, due to faulty mechanism 
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Fi(i. 1. Whirling Arm Used by Messrs. Vickers in Testing Propellers 


in the launching device, has since been Hewn under its own 
power by Glenn Curtis in 1914, at Hammondsport, N. V, — 
possibly with some alterations. 

At the time the Wrights took up the subject in 1896, there 
were but tew aerodynamical works of interest or value in ex- 
istence. They were dependent upon the meager experiments 
and (aides of Lilicnthal and Duchemiu and the work of Lang- 
ley which seemed to verify Duchemin’s formula. After spend- 
ing two years experimenting upon these figures of Lilientluil 
and Duchemin, the Wrights came to the conclusion that tin* 
tables were so much in error as to be of no practical value in 
aeroplane design. 

In 1901 the Wrights designed and built a small “Wind- 
Tunnel ” in which they could carry on systematic investiga- 
tions on the pressure produced by various surfaces when pre- 
sented to the air at different angles. The instruments used ill 
measuring these forces were designed with the intention ..I 
Correcting the errors which had rendered so untrustworthy the 
results of their predecessors. 

During the winter of 1901-1902 their investigations included 
some hundred different surfaces of which about half have 
been tubulated and the results used in their subsequent work. 
Experiments were made on the effect of varying aspect ratio, 
curvature, camber, ami the variation of the position of the 
maximum ordinate of the wing section from the leading edge. 
Thick and thin surfaces were tested to determine the effect of 
thickness. The effect of superposing the surfaces, as well 
as placing one behind the other, were measured and what 
is of even greater interest, the first measurements of center of 
pressure motion on curved surfaces at carrying angles were 
tabulated by them. As a direct result of their laboratory ex- 
periments and the development of a system of control, worked 
out in their earlier gliding flights, they were able to build the 
first power driven aeroplane. 

To demonstrate that the United States deserved u right to 
leadership in aviation in the earlier years, one need but men- 
tion other names, such as those of Octave Cbanute and Dr. 
Zahm. The latter, through the efforts of Hugo Mattlml- 
latb, was provided with an aerodynamical laboratory which 
was in its day the most perfect of its kind ; although the ex- 
periments extended over a few years only; the results of Dr. 
Zahm’s labors were exceedingly valuable. 

General Requirements in Aeroplane Design 

As is the case in ship building, a suitable machine for every 
purpose cannot be developed and there must be a special type 
with specific qualities in slow speed, high speed, weight, armii- 
inent and defense. Some of these factors are directly opposed 
to others. For example, the ideal machine for the regulation 
of artillery fire, would be able to remain immovable or circle 
about very slowly above one point. The “ chaser ” or machine 
used to rid the air of the enemy's planes should be the fastest 
possible. With the comparatively narrow range of speed pos- 
sible in an aeroplane one can see the uselessness of an attempt 
to combine these two types in one machine. On the other hand 
from the productive side, it is impracticable to increase the 
number of types indefinitely, for this would call for an enor- 
mous outlay in machinery and increase in personnel. A com- 
promise has therefore been made, with the selection of some 
four master types of aeroplanes which may be classed accord- 
ing to their military uses; 

1. The Strategic Scout. A slow endurance machine for 
use on long raids into the enemy’s country, for mapping and 
photographic work. 

2. The High Speed Scout. For tactical reconnaissance 


and use over the lines, and capable of out-climbing and uut- 
1 lying the enemy. 

3. Fighting or Battleplane. Armed and armored, for 
driving off the enemy's scouts mid protecting the fourth doss. 

4. Bomb Droppers or Weight Carriers. For use in de- 
stroying small bridges, railways, etc., depending for their 
protection upon the battleplane. 

In order to design and build machines to meet such quali- 
fications the designer must give up the old haphazard methods 
of building first, and then determining the performance. He 
must go about the design in a thorough and scientific manner 
in order to hope to come within reasonable limits of his speci- 
fication. 

The most important items in the performance of present-day 
machines are: their weight, their rate of climb, high and low 
speeds, angle of glide, propeller efficiency, and endurance at 
economical speed for various loadings. These depend on a 
careful manipulation of aerodynamical data, including the 
lift and resistance of the main planes and control surfaces, 
the resistance of struts, wires, wheels, radiators and ap- 
pendages. the distribution of loads on surfaces, and different 
combinations of surfaces. On the effects of the various sup- 
porting. control and fin surfaces, and on the summation of all 
aerodynamical forces depend not only the performance, but 
the controllability, factor of safety, and stability of the aero- 
plane. To produce a desired type the designer must hear in 

Tlie desired type can he obtained by the “ cut and try ” 
proeess on the fall size machine. This experimental Hying 
is. however, a dangerous and costly method that lias led to 
many an unfortunate accident. 

Difficulties of Full Scale Experiments 

The real worth of full scale experiments depends on the 
delicacy and precision of the recording instruments, the ex- 
pertness of the pilot and the interpreter of the recorded data. 
The chief objections, other than that of danger to the pilot, are 
I lie great variations in atmospheric conditions and therefore 
I be unavoidable delays in tests, the inability to repeat the trials 
under exactly the same conditions, the necessarily short time 
allowable for observation and the unavoidable introductions of 
many variables, when but a slight change is made in one part 
of the design. It is this inability to discriminate among the 
possible causes of behavior of the machine that may lead to a 
maze of conflicting results. 

There is a place, nevertheless, and a very important one for 
full sized experimental flying — that the machine may be tuned 
up and minor adjustments made for ease of control and steadi- 
ness under actual flying conditions. Such work, however, 
should not be undertaken until the safety of the pilot is rea- 
sonably assured. 

Towing Methods 

The most natural and logical thing to do with model aero- 
planes would he to tow them through still air and record the 
forces and moments to which they are subjected. This is not 
so simple on arrangement ns in marine work. The aeroplane 
is free to move along the three axes in space and around ally 
of the same, which introduces complications ill the recording 
mechanism that are most difficult to overcome. Very much 
higher speeds are required in aeronautical work and this in- 
creases the length of track for testing prohibitively or de- 
creases the time of experimental observation to such an extent 
ns to spoil the precision of the results. 

The principal objection to towed model flight is the inability 
to obtain still air, as even in a closed room eddies are con- 


stantly present, which are impossible of measurement; this 
may be observed by making apparently calm air visible hv the 
introduction of smoke. Radiation of heat from the wails is 
apt to oniise such eddy making to a very marked degree. 

In a measure the difficulties of rectilinear-motion are over- 
come by replacing it by rotation about a fixed axis: but here 
the radius must he relatively large and the building necessarily 
of similar great dimensions. The rotation is not wholly com- 
parable with translation since along the transverse axes of the 
body, under test, the different parts have not the same relative 
velocity ami some compromise is necessary due to this differ- 
ence in radial length. Centrifugal force is present which must 
be overcome by the measuring instrument, ns well as the dis- 
turbance set tip in the air by so large an objeet as the wliirling- 
arm passing the same point a number of times. 

The whirling-arm used by Messrs. Vickers, Ltd., of England, 
in tlieir experimental work is illustrated in Fig. 1. 

The Wind Tunnel Methods 
If we are willing to accept the doctrine of relative motion, 
then the resultant force on a solid with a uniform motion 
through still air. is the same as that for an immovable solid 
upon which a constant current of air impinges. A “ Wind 
Tunnel” test, where a steady eurrout of air impinges on a 
model at rest, should therefore give the same results as a tow- 
ing test. Differences would be due to experimental errors and 
not to a difference in principle. 

In the towing method, the influence of the mounting stnge 
and unsteadiness of the air introduce errors. In the wind 
tunnel, there may be slightly non-uniform flow, disl urhances 
due to the sides of the tunnel, etc. Wiud tunnel work, how- 
ever, lias proved far superior to the towing method, which it 
has almost entirely replaced and it lias now been developed to 
a high degree of precision and usefulness. 

From wind tunnel tests, the engineer may obtain data for 
the “balancing” up of an aeroplane — the adjustment of the 
center of gravity with reference to the air forces, the loading 
on his wing and control surfaces, the resistance of the body and 
appendages, and other useful information. It null be scarcely 
disputed tlmt such tests are of immediate commercial value to 
the practical designer. 

Aeronautical Laboratories of the Wind Tunnel Type 
The Institut Aerotechnique ile VUniversiti dr Paris, under 
the directorship of M. Manrain and M. Tonssaint. situated at 
St. Cyr, some ten miles out of Paris, is devoted, for the most 


part, to experiments on full size surfaces and aeroplanes. 
Covering some eighteen acres of land, a splendid opportunity 
is offered for ample buildings, as well ns the seven-eighths of a 
mile railway track used for experimental work. 

The main building with a large central hall is surrounded on 
three sides with work shops, laboratories and a power station. 
Within the hall is installed the experimental apparatus directly 
connected with aviation. Here there are several wind tunnels 
of different dimensions and wind speed, arranged for the test- 
ing of scale models and appendages, apparatus similar to 
Colonel Renard’s for the investigation of stability and proper 
propeller testing apparatus. A motor testing plant for endnr- 
ance and economy of aeronautical motors, instruments for 
measuring the propeller torque for various rotational speeds 
at a fixed point and the testing of propellers at rupturing 
speeds are also included. 

In the chemical laboratory investigations on balloon fabrics 
and gases are undertaken with special reference to their manu- 
facture and purification. The physical laboratories are de- 



Fig. 2. First Platform Equipped for Trial at Aerotechnic 
Institute of Saint-Cyr 


voted to the production of instruments for aeronautical pur- 
poses, both experimental and applied. Work shops are at one 
end and an individual power station supplies energy and light 
to the Institute and experimental departments. 

In a separate building, covering a quarter of an acre, is 
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housed a “ wliirliag-arm " some 50 feet in radius, used prin- 
cipally for the calibration of instruments. It is, however, not 
as popular as the track and wind tunnel experimental ap- 
paratus. The out-door track proper is of standard gage, % 
of a mile long, level for the part over which experimental data 
is recorded, but rising slightly for some distance at either end 
to facilitate the starting and stopping of the five-ton electric 
car, upon which the surface, full size aeroplane or propeller 
is mounted and carried. 

Four cars, each rigged for one type of experiment, are con- 



sidered necessary. Number one measures the horizontal and 
vertical components of the resultant air force, as well as the 
center of pressure for various angles of incidence of the sur- 
face to the wind; two and three are for large and small pro- 
pellers in connection with dirigible and aeroplane work ; and 
number four is especially equipped for the measurement of 
the resistance of appendages. The carriages are equipped with 
appropriate measuring instruments of the recording type, 
readings being recorded simultaneously as the car moves over 
the track. The velocity of the air is recorded by means of a 
calibrated venturi tube anemometer. 

The testing apparatus is of such size that a full scale aero- 
plane can be mounted and subjected to test for lift and 
resistance and static longitudinal stability. In order to accom- 
modate such large forces as arc encountered in full scale work. 


the instruments are of considerable size: this lias the disad- 
vantage of destroying much of the delicacy of the measure- 
ment. The results obtained are said to be in error by about 
live per cent in lift and about ten or fifteen per cent in re- 
sistance. The real value of experimental work of this nature 
and its comparison with results obtained from model tests is 
as yet not fully determined. 

Eiffel in liis laboratory at Autenil. in an investigation to 
ascertain the aerodynamical effect produced by the ear, sit- 
uated as it was directly beneath the surface under test, reports 
that when correction is made lor the presence of the carriage, 
agreement with wind tunnel results is fairly obtained. He also 
notes that modification is being made at St. C.vr in the position 
of the surface as mounted on the car in order to reduce the 
interference ns much as possible. A similar comparative test 
made at the National Physical Laboratory. England, on wind 
tunnel models shows good agreement with the lift coefficients, 
hut the resistance coefficient, in the full size experiment is still 
unsatisfactory. 

The Laboratoire Aerotlynamique Eiffel , supported bv the 
personal means of, and directed by G. Eiffel is of the most 
elaborate in design. Devoted entirely to wind tunnel experi- 
ments, it is completely housed in a beautiful white stone build- 
ing, fronted by a formal garden. The building proper, two 
stories in height, is 100 by 40 feet. 

As may be seen by the accompanying photographs, the lab- 
oratory room is rectangular in shape, with a large and small 
wind tunnel side by side, occupying the central space and 
suspended mid- way from floor to ceiling. The position of the 
l unnels permits the free circulation of the air in the room. 
The wind tunnels are of similar character, one being of smaller 
working diameter than the other. They each conaist of a bell- 
shaped collector, a large laterally air-tight experimental cham- 
ber, used for both the large and small tunnel, and independent 
expanding trunks leading from the experimental chamber to 
the individual suction blowers. The air is drawn from the 
large surrounding room or hangar into the bell collector, 
through a honey -comb baffle to straighten the How, thou across 
the experimental chamber into the expanding trunk where it 
passes through the suction blower and is discharged at low 
velocity, back into the room. 

M . Eiffel's characteristic variant is his hermetic experi- 
mental chamber. When first interested in experimental aero- 
nautics, he experienced difficulty, due to interference of flow 


around his models caused by the walls of the closed tunnel. 
In order to avoid a tunnel of excess size and still not reduce his 
model dimensions, the walls were removed for some distance 
and replaced by an air-tight chamber enclosing the stream of 
air. The pressure in the hermetic room is necessarily that of 
the air stream it contains, so that a cylinder of air traverses 
the chamber in parallel stream lines and without showing any 
appreciable eddy. If a fine silk thread is held in the working 
stream, a slight play up and down or to the right and left may 
be noted, showing some variation is present. The velocity of 
the stream is measured by an alcohol manometer, registering 
the difference in pressure in the experimental chamber and the 
laboratory room outside. This is one method of velocity de- 
termination and will be explained in detail later. The 
manometer when left to itself shows a slow variation in 
velocity with time of some four per cent. 

The general dimensions of the installation at Auteuil are as 
follows : The large channel has a bell collector with end diam- 
eters of 4 and 2 meters, 13.1 and 6.6 feet, with a length of 3.3 
meters, 10.8 feet, and an expanding trunk 9 meters, 29.5 feet, 



long with end diameters equal to the collector. The expanding 
trunk connects with a suction blower, haring a sectional area 
of 9 square meters, 97 square feet. The small tunnel com- 
prises a bell collector, ends 2 meters and 1 meter in diameter, 
1.65 meters in length and an expanding trunk 6 meters long, 
connected to a Sirocco suction blower. 

The above dimensions permit in the larger, a uniform stream 
ol' air 2 meters, 6.6 feet, in diameter to be drawn through the 
experimental chamber at a speed varying between 2 and 32 
meters per secoud, or 6 and 105 feet per second ; this is accom- 
plished by a 50 horse power electric motor driving a 50 per 
cent efficient blower. In the small tunnel of 1 meter diameter 
air flow, a maximum velocity of 40 meters. 131 feet, per sec- 
ond, is obtained by n 50 horse power electric motor driving the 
Sirocco blower. 

The experimental chamber is a rectangular room free from 
obstructions 10 meters, 33 feet, in length. 4 meters, 13.1 feet 
in width and 5 meters, 16.4 feet, in height. A rail supporting 
a sliding floor carries the observer and weighing mechanism 
above and clear of the air stream. A second observer on the 
floor is required to regulate the wind and adjust the model 
daring a test. The two tunnels are of course so arranged that 
the one not in use may be blocked off with air-tight wall plates 
so preserving the low pressure in the experimental chamber. 
In order to avoid the possible physical discomfltnre often ac- 
companying sudden eluinges in pressure, an air-loek is pro- 
vided for passage into or out of the experimental chamber. 

The models arc mounted upon especially designed standards 
or measuring instruments, such as a large and small aerody- 


namical balance — devices for measuring the lateral forces, 
pressure distribution and a very excellent apparatus for test- 
ing small propellers. All the apparatus is mounted in the 
most convenient manner and may be used for either the large 
or small channel as desired. The accuracy of the results ob- 
tained, while possibly not sufficient for exact physical research, 
are ample, from the practical stand-point. 

The Deutsche Versuchsamtalt fur Luftfahrt au Adlershof, 
superintended by Prof. Dr. Bendeinann, is of the same 
order as the experimental grounds at St. Cyr, but on a much 
less elaborate scale. The work is principally on full scale aero- 
planes and bloek tests on aeronautic motors. One building is 
devoted to full scale testing, another to construction and re- 



pairs and five smaller ones to the housing of motor testing 
apparatus. The main building has a central tower some 100 
feet in height from which wind observations mny be made and 
other atmospheric conditions recorded. Cables from the top 
of this tower are used to support full size aeroplanes in the 
determination of their moments of inertia. A track outside 
ol' the building is used, as at St. Cyr, for the testing of full 
size aeroplanes or surfaces. In this instance a locomotive used 
to push the mounting stage is substituted for the St. Cyr elec- 
tric driven car, a rather doubtful adjunct. 

The Gottingen Aerodynamical Laboratory, under the super- 
vision of Professor Prandtl, has little of the ornate as com- 
pared to the Eiffel Institution, housed as it is in a plain one 
story brick building, 30 by 40 feet in size. The building, as 
may be seen from the drawing, is about equally divided be- 
tween wind tunnel and office space. Glass doors in the side 
next the observation room permit of aceess to the experimental 
section of the tunnel, while trap doors open here and there 
to allow entrance into other sections for the adjustment of the 
honey-combs, baffles, etc. 

Unlike the Eiffel tunnel, the air follows a closed circuit 
necessitating the turning of four corners. The 2 meter diam- 
eter blower, driven by a 30 horse power eleetrie motor, forces 
a steady current of air through the 2 meter, 6.6 foot, square 
wooden tunnel. At a short distance down stream the air 
passes through the first honeycomb, 400 large square metal 
cells, similar to the pigeon holes used for post office boxes. 
These cells are so constructed with two-ply metal walls that 
the quantity of air passing through any one may be regulated 
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Fig. 5. The Gottingen- Aerodynamical Laboratories 
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by piirtJ y bending out one thickness wall to obstruct the pas- 
sage. The cells, in many instances, have been so restricted to 
regulate the air flow that it might be as uniform as possible. 
Vanes, similar to those of a turbine, are utilized at the four 
corners to turn the current through a 90 degree angle, without 
producing excess eddy-motion. After the second turn, just 
before the air enters the experimental part of the tunnel, it 
passes through the second honeycomb, much finer than the 
first. This last honeycomb is constituted of about 9,000 cells 
from which the air, after passing a wire mesh to remove any 
foreign matter, issues with a maximum velocity of 10 meters or 
32.8 feet per second, to act upon the model suspended some 
distance down stream. 

A great deal of the work in the Gottingen Laboratory lias 


individual adjustable dampers used ns a control upon the 
quantity of air passing and so producing uniform flow to 
witliin about 2 per cent. The balance and motor control are 
mounted on a platform upon the roof of the tunnel. The 
model is supported in a horizontal position in the wind on a 
balance similar to that of Eiffel's and sensitive to at least 
2/1000th of a pound. Models up to 36-inch span are per- 
mitted without noticeable interference from the walls or chok- 
ing of the air flow. 

The velocity measurements are unique in that in place of a 
single pitot and pressure tube, placed in the vicinity of the 
model, a series of twelve tubes equally spaced, directly on the 
discharge side of the blower record on an intergrating 
manometer the velocity of the stream. The velocity of the 
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been devoted to the resistance of airship hulls, etc., for which 
work u special suspension method of mooring wires, bell 
cranks and weights, has been adopted with great success. A 
differential pressure gage, sensitive to pressure changes of one- 
millionth of an atmosphere is used in the determination of 
velocity. Many interesting experiments on the distribution of 
pressure have been conducted upon small propellers, con- 
structed by electroplating with copper, wax models. A more 
detailed description of the suspension device and differential 
gaze will follow. 

The Wind-tunnel of the United States Navi / Department, 
under Naval Constructor Holden C. Richardson, at the Wash- 
ington Navy Yard, Washington, D. C. The tunnel is similar 
to the German Gottingen Laboratory in that the air is confined 
in a closed circuit, in this case eight feet square at the test 
section. The cross sectional dimensions vary as may be seen 
in the accompanying print, in order to compensate for the 
curves taken by the stream. Only one set of honeycomb 
baffles is employed, these being placed just at the entrance of 
the experimental chamber and 20 feet up stream. These 64 cells, 
each our foot square and eight feet long,- are equipped with 


stream from the blower has a direct relation to the velocity of 
the wind in the experimental chamber, against which it. has 
been calibrated for all speeds. The pitot tubes used have been 
themselves checked with the standard tubes of the National 
Physical Laboratory of England and the Aerodynamical Lab- 
oratory of the Massachusetts Institute of Technology. 

Power for driving the suction blower is supplied by a 560 
horse power 250 volt direct current electric motor, operated on 
the Ward-Leonard system. A velocity of 75 miles an hour 
may be obtainable, but due to the heating of the air by friction 
and other difficulties in maintaining regular flow this high 
s|»eed is seldom utilized. Generally tests are made at a speed 
of about 40 miles an hour. 

The National Physical Laboratory at Teddington and the 
llogal Aircraft Factory at Farnborough , England , constitute 
the most complete aeronautical experimental combination in 
the world. The aeronautical portion of the National Physical 
Laboratory is devoted to experimental investigations of the 
British Advisory Committee for Aeronautics. This committee, 
with Dr. R. T. Glazebrook as chairman, and such able co- 
workers as Dr. Stanton and Mr. L. Bairstow, initiates 



Fin. 8. (A) Propeller and (B) Aerodynamic Balance in 
Use at the Massachusetts Institute of Technology 

rent is uniform in velocity, both in time and space, to within 
one-half per cent. The velocity measurements and aerody- 
namical balance will be described in detail later. It suffices 
here to say that they are as carefully worked out and results 
obtained as gratifying as the wind tunnel itself. The work of 
the committee has been extremely broad and the results are of 
untold value to aeronautics. The whirling-arm and small 
water channel, the former used in the calibration of velocity 


Fig. 7. Exterior of the Wind Tunnel at the Massa- 
chusetts Institute of Technology, Showing Cells 
Through Which Air Is Sucked in from the Room 

a true sense, is full scale experimental work and the results 
have been to disclose defects and encourage the improvement 
and safety of the machines. By the careful application of the 
model experimental work of the N. P. L. an inherently stable 
biplane with a speed range of 40 to 81) miles an hour had been 
produced by the R. A. F. before the war. Improved machines 
of this type have been of greatest value to the Royal Flying 

The National Physical Laboratory has turned over ample 
space for the exclusive use of the Aeronautic Committee, com- 
prising a large and small wind tunnel house, a whirling table 
house and ample space for any independent investigations. 
The small and large wind tunnels are of similar character, one 
4 and the other 7 feet square in cross-section. Each is mounted 
in a separate building, the smaller being included in the engi- 
neering laboratory building. For details of the small tunnel, 
reference is made to the description of its duplicate in the 
Massachusetts Institute of Technology Laboratory. The new 
7 foot tunnel only differs from the 4 foot in its dimensions and 
power. It is 80 feet in length with an air flow of sixty feet a 


Fig. 9. Entrance Nozzle Showing Honeycomb 

instruments, the latter in the study of stream line flow, are 
both examples of high engineering skill. 

The Wind-tunnel of the Massachusetts Institute of Tech- 
nology was built after a careful study of European Labora- 
tories. on plans furnished through the courtesy of the National 


the investigations at the N. P. L. and oversees the general work 
in aeronautics throughout the Kingdom. 

The Royal Aircraft Factory, superintended by Mervyn 
O'Gorman, works in close co-operation with the N. P. L. It 
lias facilities for model experiments, but is more concerned 
with tests on full size aeroplanes and the application of the 
investigations of the National Physical Laboratory. There is 
necessarily some overlapping in the work carried on at the two 
institutions, but no interference. 

The Royal Aircraft Factory before the war. was the largest 
factory then in existence, devoted to I be manufacture of 
aeroplanes. All the experiments arc carried on in the large 
flying Held in connection with the factory. Machines equipped 
with intricate recording instruments are flown under their own 
power and such important information as: power utilized, 
angles of pitch, roll and yaw, speed through the air, altitude 
and control movements are simultaneously recorded. This, in 


second produced by a low pitched four bladcd propeller driven 
by a 30 horse power electric motor. 

A great amount of time was spent in experimenting with 
this form of tunnel before the committee was satisfied with 
the results. They have the deep satisfaction of knowing that 
the artificial wind produced by it, is the most uniform in the 
world and adaptable to the most scientific research. The cur- 
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Physical Laboratory. Maintained in connection with graduate 
coarse in aeronautics at the Institute, with the helpful co- 
operation of Professor Peabody of the Naval Architectural 
Department, and under the former directorship of Lieutenant 
J. C. Hunsaker, U. S. N„ the work has been of the most com- 
mendable character. 

The tunnel is housed in a temporary building on the new 
Technology site in Cambridge, with offices in the main Insti- 
tute Bnilding. Enclosed in a 20x25x66 foot shed, the tunnel 
is suspended in the center of the room, six feet from the floor, 
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so that ample space is provided for the free circulation of air. 
The illustrations indicate the general form of the tunnel which 
has an overall length of about 56 feet and a working section 4 
feet square. The air which is drawn from the room around the 
cowled entrance end passes through a honeycomb formed from 
3-inch metal conduit pipes 2 feet 6 inches in length into the 
experimental chamber. This honeycomb helps to straighten 
out the flow and prevent eddies in the wind. 

The experimental chamber reaches from this honeycomb to 
the expanding trunk, but only the section midway between 
these points is utilized. The air after passing the model goes 
through a series of diagonal vanes and enters the expanding 
trunk. Here the velocity decreases with an increase of static 
pressure. The expansion in 11 feet of length is to a cylinder 
of 7 feet diameter. This cone expansion, in the English tunnel 
is only six feet on the 11 foot length. By expansion the pres- 
sure difference maintained by the four-bladed propeller is re- 
duced and some turbulence in the wake avoided. The dis- 
charge from the propeller is received by a large perforated 
diffuser with the end opposite the propeller a blank wall. The 
function of this diffuser is to distribute the air into the room 
at a uniform rate and at a very low velocity. This is indeed 
accomplished for the area of the perforation in the diffuser is 


several times that of the tunnel and when a velocity of 30 
miles an hour is maintained in the tunnel, the discharge from 
the diffuser is hardly noticeable. 

A four bladed black walnut propeller of low pitch, revolv- 
ing 600 r.p.m. will produce a wind of 25 miles per hour. The 
propeller is driven by a 10 horse power electric motor through 
a “ silent ” chain. The motor is mounted on a separate con- 
crete foundation, as are likewise the aerodynamic balance and 
the tunnel proper, to avoid any variation in alignment caused 
by vibration. The sectional area of the tunnel permits of 
models of 18 inch span and as an extreme 24 inch span, to be 
tested at speeds from 6 to 40 miles per hour. 

The control of the wind is by sentitive rheostats in the 
motor Held and wind speeds may he kept constant as in the 
English tunnel to within ! 2 per cent. Measurement of velocity 
is by means of a calibrated “side plate'’ in the wall of the 
tunnel, recording on an alcohol manometer the difference of 
the pressure in the room and in the experimental part of the 
tunnel. These manometer readings were calibrated against a 
standard N. P. L. pitot tnbe to ascertain the true velocity. 

The aerodynamical balance was constructed by the Cam- 
bridge Scientific Instrument Company, England, and is a 
counter-part of the English installation. Most model adjust- 
ments are possible from the outside without stopping the wind, 
thus greatly facilitating the experimental work. The balance 
is arranged so that complete data for the calculation of the 
stability coefficients for aeroplanes is obtainable. 

While the laboratory' is primarily for research work, investi- 
gations are conducted for private individuals or manufacturers 
at nominal charges. 

It is interesting to note that the Curtiss Company has re- 
cently erected at Buffalo, under the direction of Dr. A. F. 
Zahm a wind tunnel similar in construction to that of the 
N. P. L. and the Massachusetts Institute of Technology. 

The detailed description of experimental methods and in- 
struments employed will he dealt with in later sections of 
the course. A study of such methods will render more inter- 
esting and instructive the study of the aerodynamical data 
which has been collated from the work of these laboratories. 
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Abstract of a Thesis submitted to the Faculty of The Massachusetts Institute of Technology 


The following abstraet 1 is the result of some three years’ 
work in applied aerodynamics, while detailed by the Secretary 
of the Navy to the Massachusetts Institute of Technology. The 
preliminary work of erecting the wind tunnel and aerody- 
namical balance, design and calibration of instruments for 
velocity measurement, establishment of standard methods of 
experimentation and, finally, the investigation of the force of 
the wind upou aeroplane wings, rudders, bodies and other 
parts lias been fully described elsewhere.’ Study of aeroplane 
parts led naturally to the study of the aerodynamical proper- 
ties of complete model aeroplanes which forms the substance 
of this thesis, the objects of which were : — 

1. To determine the aerodynamical constants of two aero- 
planes by means of model tests in the wind tunnel. One aero- 
plane was a standard military tractor with no claims to in- 
herent stability in flight, the other a machine designed to pos- 
sess some degree of inherent stability while departing as little 
as possible from standard practice as exemplified by the other. 

2. To apply the aerodynamical constants so found in the 
dynamical equations of motion for the full scale aeroplanes 
in free flight and to examine the stability of the motion by 
the method of small oscillations, as first applied to the aero- 
plane by Bryan 1 and later extended by Bairstow.* 

3. To compare the stability both laterally and longitudinally 
of the two aeroplane types chosen, with a view to tracing to 
the individual parts of each machine their effects upon the 
motion. 

4. To attempt to formulate general qualitative conclusions 
which may assist aeroplane constructors to avoid instability 
or to provide a degree of stability. 

5. To throw light upon the general problem of inherent 
dynamical stability. 

Previous Work 

The first rational theory of the dynamical stability of aero- 
planes is due to Bryan whose work was extended and applied 
by Bairstow with wind tunnel tests. The late E. T. Busk of 
the Physical Staff of the Royal Aircraft Factory, England, 
applied Bairstow’s model tests to an actual aeroplane and re- 
cently succeeded in perfecting an inherently stable aeroplane 
which could be flown “hands off." Neither the details of 
Busk’s experiments nor of the type aeroplane developed by 
him have been disclosed by the British War Office, for obvious 


Theoretical aspects of the problem have been discussed by 
Lancliesier, Riessnor, Crocco, Both&at and others, but the only 
applications arc those of Bairstow and Busk. 


Laboratory Work 

Wind tunnel testing of tlie models under investigation was 
carried on from June to September, 1915, by the writer and 
various students under his direction. The mathematical por- 
tions of the work were completed during the period October, 
1915-March, 1916, with frequent consultation with Professor 
E. B. Wilson of the Department of Mathematics. 


General Problem of Stability 
The stable aeroplane model we designate by S and the un- 
oluoie'iia^N lD | “ Smithsonian^ Miscellaneous Collections, 

‘Reports on II 'hot Tunnel experiments 'in Aerodynamics. Sail r I 
— " — ' ‘ Vi’WsMniftOT. .Iauunr>^l 5.^910 : 


stable aeroplane by U. Both were tested in the same manner. 
The models were l/24th scale, giving a span of about 18 
inches. The wind tunnel has a section of 16 square feet and 
from previous tests, it was concluded that the influence of 
the walls was negligible for models of this size. 

The application of model experiments to predict the aerody- 
namical properties of a full size aeroplane is well understood 
and the validity of such application has been repeatedly dem- 
onstrated. We assume tlmt aerodynamical forces vary as the 
density of the air, as the square of a linear dimension of the 
model and as the square of the relative velocity. This is 
strictly true for inertia and eddy making resistance bat not 
quite true for skin friction which varies less rapidly than the 
“ square law ” and must depend somewhat on the viscosity of 
the air. However, for engineering purposes, it is usual and 
probably sufficiently exact to assume the “square law” for 
all resistances. 

The investigation is most conveniently discussed in two 
parts, the first dealing with the longitudinal motion involving 
pitching of the aeroplane and rising and sinking of its center 
of gravity combined with change of forward speed, and the 
second, with the lateral motion, which involves side-slipping, 
or skidding, combined with rolling and yawing to right and 

Stability is distinguished as statical or dynamical. An aero- 
plane in free flight in still air must be driven at such a speed 
and kept at such an inclination of wings to wind that the 
weight is just sustained. The maintenance of this normal atti- 
tude is the technique of the aviator. When in its normal atti- 
tude the aeroplane, if properly balanced, is in equilibrium. In 
a statical sense, this equilibrium is stable if righting moments 
are called into play tending to return the aeroplane to its 
normal attitude if by any cause it is deviated therefrom. In 
general an aeroplane, if stable in a statical sense, will, when 
given an initial deviation, take up an oscillation which either 
may be damped out or may increase in amplitude. The aero- 
plane is dynamically stable if, and only if, these oscillations 
die out as time goes on, leaving the aeroplane in its original 
normal attitude. It is clear that statical stability must first be 
provided before the dynamical stability of a design can be 
examined. Also, without statical stability, there can be no 
dynamical stability inherent in the aeroplane. 

Longitudinal Tests 

The aeroplane model was mounted in the wind tunnel and 
I lie position, magnitude and direction of the resultant wind 
force determined for a series of attitudes in pitch correspond- 
ing to the highest and lowest flight velocities of the fall scale 
aeroplane. This resultant force was then resolved into a 
couple acting at the center of gravity, and two component 
forces acting vertically and horizontally. From a considera- 
tion of the variation of vertical force or lift with change of 
angle, the corresponding speeds necessary to sustain the weight 
were estimated. Likewise, the equilibrium of the aeroplane was 
adjusted to be statically stable by change in horizontal tail 
surfaces. After three trials a tail setting was found which 
gave a proper balance. 

With this disposition of surfaces, the rate of change of the 
component forces and of the couple was computed for use in 
the equations of motion. The radius of gyration of the aero- 
ptnne was estimated from the plans and the damping coeffi- 
cient obtained by oscillating the model in pitch. 
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For the latter measurement, the model was mounted on a 
rocker arm made to oscillate by powerful spiral springs. The 
decrement of amplitude for various wind speeds was a meas- 
ure of the damping of the pitching motion due to the air. 
Correction made for the damping due to pivot friction and to 
the wind on the bare apparatus, the logarithmic decrement 
was found to vary very nearly ns the first power of the velocity 
as must be expeeted. 

Longitudinal Motion 

The equations of motion for the full scale aeroplane were 
then written down and the aerodynamical coefficients substi- 
tuted. Confining the discussion to small oscillations about the 
equilibrium position, the longitudinal motion is represented by- 
three simultaneous linear differential equations with constant 
coefficients of a well known type. 

Solution by- means of approximate factors shows that the 
motion may be considered as composed of two oscillations: 
one of a period of the order of two seconds damped to half 
amplitude in 0.1 seconds, the other of period from 10 to 30 
seconds not very strongly damped. 

From a consideration of the coefficients, the short oscillation 
appears never to be of importance on ordinary aeroplanes, 
but the long oscillation, being only moderately damped, may- 
cause trouble, especially for an aeroplane that flies with a 
large angle of incidence for the wings. 

The calculation of the period and damping of the long oscil- 
lation was repeated for several speeds from highest to lowest 
corresponding to small and large angles of incidence with the 



Instability at Low Speed 

It appears that the period becomes much more rapid at low 
speed, that at some critical speed the damping vanishes, and 
below this speed both aeroplanes become frankly unstable. 
This instability at extreme low speed is common to all aero- 
planes and the only advantage of our “ stable ” aeroplane S 
is that its longitudinal motion is stable down to about 40 miles 
per hour while aeroplane U is stable only down to about 47 
miles per hour. 

The necessary existence of a critical velocity for any aero- 
plane where the longitudinal stability vanishes is believed to 
be shown here for the first time. 

A study of the relative magnitudes of the coefficients for 
these typical aeroplanes leads to the conclusion that longi- 
tudinal instability at low speed is due, first, to the decrease 
in damping of the tail surfaces on account of the low speed 
and, secondly, to the decrease in rate of change of lifting force 
with change in attitude for high angles of incidence. Ordi- 
narily, if an aeroplane heads up, the increased angle of inci- 
dence of the wings causes increased lift and the aeroplane 
rises and vice versa. 

However, for an angle of about 15°, all known aeroplane 
wings reach a maximum lift and any further increase in inci- 
dence causes no increase in lift. This is a critical attitude 
for the wings. If an aeroplane flies very slowly it must be 
held at some large angle near this critical angle. If the ma- 


chine is headed up, giving a greater angle of incidence, it will 
obtain from the air no greater lift and will not rise. It is 
“ stalled.” Indeed, some wings show a marked drop in lift 
for angles beyond the critical angle. 

The coefficient that represents the rate of change of lift 
w-itli angle of incidence is the predominating term in the ex- 
pression which represents the damping of the long oseillnlion, 
and this coefficient vanishes near the critical angle, t 'ouse- 
qnently, if an aeroplane is I o be stable and land at a relatively 
slow speed, it must not operate at too great an angle of inci- 
dence. To sustain its weight it should therefore have a greater 
wing area than another aeroplane which lands with about the 
critical angle for the wings. 

The principal difference between aeroplanes S and U is that 
the former supports a weight, of 3.55 pounds per square foot 
of wing area and the latter 5.2 pounds per square foot. 

The following recommendations are made for an aeroplane 
to have its longitudinal motion damped at lower speeds than 
is usual in practice : 

1. Provide large horizontal surfaces of long arm for damp- 
ing the pitciting. 

2. Provide wings of such area that the slow speed does not 
require a great angle of incidence. Roughly the safe slow 
speed should not require more than 80 per cent, of the maxi- 
mum lift of the wings. 

3. Keep the longitudinal radius of gyration small by con- 
centrating the principal weights. 

Slowness in Pitching 

It may he imagined that a dynamically stable aeroplane of 
rapid period might be so violent in its motion that the pilot 
would be shaken about to such an extent as to be hindered in 
the performance of his military duties of observation, gun- 
fire. or bomb dropping. It appears that the expression repre- 
senting the period of the long oscillation contains certain pre- 
dominating coefficients, and a consideration of their magni- 
tude leads to the following conclusions: 

The natural period of pitching is increased by: 

1. High speed of flight. 

2. Large damping surfaces on the tail. 

3. Small angle of incidence. 

4. Small righting moments. 

The righting moments which tend to restore the aeroplane 
to its normal attitude when it pitches are a measure of statical 
stability. If the statical stability is great the period of the 
oscillation will be short and the motion violent. Our desire 
is an aeroplane that has a gentle motion of slow period heavily 
damped. Dynamical stability- is better given by heavy damp- 
ing than by excessive stiffness or statical stability. 

An ocean liner of too great stiffness (large metacentric 
height) is not suitable for passenger or cattle carrying ser- 
vice; it is preferable in ship design to give only enough meta- 
centric height to insure that the vessel is never unstable and to 
damp the roll by generous bilge keels. 

In a similar manner in aeroplane design, the theory indicates 
that it is preferable to give just enough statical stability to 
insure that the aeroplane is never unstable and to male the 
oscillation dynamically stable by the use of generous damping 
surface and large wings. 

These remarks on damping versus stiffness apply with equal 
force to the latter motion of the aeroplane which is the sub- 
ject of the second part of the thesis. 

Lateral Motion 

In a given longitudinal attitude proper for some fixed speed, 
the aeroplane model was tested in the wind tunnel when turned 


to right and left away from the symmetrical position. For these 
oblique positions we measured the moment tending to turn the 
model hack into the wind (“yawing” moment), the moment 
tending to tilt it over laterally (“ banking ” or rolling mo- 
ment) and the transverse force tending to push the model to 
one side. From a series of such measurements the rate of 
change of yawing moment, rolling moment and lateral force 
with angle of yaw were estimated. 

In the asymmetrical or lateral motion of the aeroplane in 
flight, the angular velocity in roll or jaw is eonsiderably 
damped by surfaces moving through the air. Consequently, 
it was necessary to obtain damping coefficients for rolling and 
yawing from model tests on the oscillating beam in a manner 
similar to that employed to measure the damping of pitching. 

When an aeroplane yaws rapidly the more rapidly moving 
wing lifts more than the other and a rolling moment is pro- 
duced. Also when an aeroplane rolls, the downward moving 
wing has a greater angle of incidence than the other and, 
therefore, has more resistance to forward motion, producing 
a yawing moment. A method for calculating the rolling mo- 
ment due to yawing mid the yawing moment due to rolling has 
beeu devised. 

The necessary aerodynamical coefficients being now at hand, 
and the radii of gyration in roll and yaw, the equations of 
motion for the asymmetrical motion may be set down. For 
small oscillations, these reduce to three linear differential equa- 
tions with constant coefficients. The determinant formed from 
the coefficients may be factored by use of approximate methods 
and the motion compounded from that represented by each of 
three factors. 


Spiral Dive 

The first factor may correspond either to a damped or to an 
amplified motion, depending on whether the aeroplane be 
stable or unstable. At high speeds model S shows a subsidence 
damped to half amplitude in 10.4 seconds. At lower speeds 
this damping diminishes and at 37 miles per hour the motion 
becomes a divergence which doubles in amplitude in 7.2 sec- 
onds. Examination of the preponderating terms in the ex- 
pression representing the motion shows that the aeroplane 
starts off on a spiral dive. There is a tendency on side slip 
or “skid ” to the right, for example, for the aeroplane to head 
to the right toward the relalive wind due to vertical fin sur- 
faces on the tail acting as a weathervane. At the same time, 
due to spin in yaw, the machine banks to the right suitably 
for a right turn due to greater lift on the left or more rapidly 
moving wing. The increased bank increases the side slip, the 
yaw becomes more rapid and in turn the overbanking is mag- 
nified. The aeroplane starls off on a spiral dive and will spin 
with constantly increasing angular velocity unless the pilot 
intervene with his controls. 

The spiral dive is corrected if the aeroplane have a pre- 
ponderance of fin surface above the center of gravity or if 
the wing tips be raised. There must be such an arrangement 
of surfaces that when the aeroplane side slips to the right it 
banks suitably for a left turn. Then it will be restored to its 
normal attitude. A simple relation may be obtained involving 
four of the aerodynamical coefficients which, if positive, in- 
sures that spiral instability of this kind is not present. 

It appears that spiral instability is caused by too much fin 
surface to the rear or too large a rudder, and by not enough 
fin surface above the center of gravity. A proper adjustment 
is easily obtained without sacrifice of desirable flying prop- 

Thc aeroplane S is stable spirally at all reasonable speeds. 
It 1ms a small rudder and wing tips raised about 1.6°. At 
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extreme low speed (when stalled), there is spiral instability 
caused by the righting: moment due to side slip becoming 
small. The effect of the slight dihedral angle of the wings is 
not of much assistance at large angles of incidence and it may 
be preferable to fit true vertical fin surface, whose stabilizing 
effect should be independent of attitude. 

Aeroplane O is spirally unstable at high speeds. It has no 
rise of wing tips uor vertical surface above the center of 
gravity and has a very deep body giving the effect of a rear 
vertical fin. 

Rolling 

The second factor in the equation of motion represents a 
rolling of the aeroplane which is so heavily damped by the 
wide spreading wings ns to be ordinarily of no consequence. 
In the extreme case of a “ stalled ” aeroplane, the damping 
of the roll vanishes because the downward moving wing has 
no more lift than the other. Here we may expect trouble, 
and frequent accidents to stalled aeroplanes indicate that the 
pilot's lateral control by ailerons also becomes inoperative. 

- rraa— ■«M» speeds this factor should not lead to 

any instability. 

Dutch Roll 

The third element in the motion is a yawing to right and left 
of the course combined with rolling. The motion is oscillatory 
of period from 5 to 12 seconds, which may or may not be 
damped. We may imagine an aeroplane which is spirally 
stable to yaw to the right accidentally. Due to fin surface 
above the center of gravity it banks in a manner proper for 
a right turn, but the roll is resisted by the damping of the 
wings. The turn is assisted by the increased resistance of the 
downward moving wing, but eventually the weathercock effect 
of fin surface at the tail turns it back into the original course. 
As the machine swings back to her course, the bank flattens 
out. But, due to angular momentum, she swings out to the left 
and banks for a left turn. This swinging to right and left is 
accompanied by rolling and some side slipping. 

The analogy to the “ Dutch Roll ” or “ Outer Kdge ” in 
ice-skating is obvious. If the skater lean too far out ou his 
swings be may fall, and in the same manner if the aeroplane 
bank too mnch a slight puff of wind may capsize it. 

The motion in the “ Dutch Roll ” is stable provided there 
be sufficient vertical fin surface on the tail and not too much 
fin surface above the center of gravity. These requirements 
conflict with those previously stated for spiral stability and a 
compromise must be made. Overcorrection of spiral insta- 
bility may produe instability in the “ Dutch Roll " and vice 
versa. Fortunately, the damping of rolling by the wings is 
helpful in both cases, and it appears possible to obtain that 
nice adjustment of surfaces which will render both motions 

Model S was stable in the Dutch Roll " at all speeds, hav- 
ing a period from 6 to 12 seconds, and the initial amplitude 
damped 5 0 per cent in from 1.5 to 6 seconds. Model U was 
stable in this respect except at low speed when it showed a 
period of ti seconds aud the initial amplitude was doubled in 
8 seconds. Here the aeroplane was practically “ stalled ” and 
the damping of the roll due to the wings was only one quarter 
of its value at high speed. 

General Conclusions 

It is believed that the majority of modern aeroplanes are 
spirally unstable but stnble in the Dutch Roll. Furthermore 
it appears to be a simple matter so to adjust surfaces that 
any aeroplane can be made completely stable without sacrifice 
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iu speed or climb. At extreme low speed an aeroplane must 
be unstable in its longitudinal motion but need not be unstable 
laterally*. 

The degree of stability to provide iu a given ease cannot be 
determined from mechanical considerations, but certain gen- 
eral conclusions may be indicated. For example, the comfort 
of the pilot must be a first consideration and for this reason 
the righting moments giving statical stability should be small; 
the period of the aeroplane can then be made relatively slow, 
and if the damping is adequate, the free oscillations will be 

The theory is applied here only to flight in still air. Obvi- 
ously the air is never still, and the aeroplane must finally* be 
judged from its behavior in gusts. An inherently* stable aero- 
plane tends to preserve its normal attitude with relation to the 
relative wind, and if the velocity and direction of the relative 
wind change in an irregular manner, the stable aeroplane will 
tend to follow in an effort to preserve the same relative air 
speed and longitudinal attitude. The result will be to force a 
motion of the aeroplane which will be more violent the greater 
the statical stability. Consequently iu rough air an aeroplane 
very stnble statically is unsuitable as a gun platform and for 
many other military purposes. A machine whose inherent 
statical stability is slight or nearly neutral should be slow to 
respond to gusts. 

The stable aeroplane, if the pilot abandon his controls, tends 
to fly in such a manner that the relative air speed and attitude 
remain constant. In good weather, the pilot may, therefore, 
abandon his controls at intervals to make observations which 
ordinarily would require an assistant as observer. However, 
this very tendency of the machine to adjust its flight path may 
prove a source of danger when Ihe pilot wishes to make a 
landing in a small field. Here the machine, if struck by wind 
gusts, will attempt to “ take charge ” in resistance to the pilot’s 
efforts to direct it. A very stable aeroplane is not, therefore, 
so completely- under the pilot's control as one whose stablility 

For the determination of the degree of stability suitable for 
military aeroplanes we must finally depend upon the prefer- 
ences of pilots. A knowledge of the natural periods and 
damping coefficients should then furnish a means for fixing 
the verdict of experience, so that in future the desired degree 
of stability may be provided. 

Considerations of theory indicate that a slight degree of 
statical stability combined with the maximum of damping give 
an aeroplane slow periods of oscillation and a dynamically 
stable motion, with little ill effect upon performance or con- 
trolabilitv. 

The following table summarizes the results obtained for the 
lateral motion : 



The Two Hundred and Twenty Horse-power Renault Aero Engine 


One of the most successful foreign aero engines of great 
power is the twelve cylinder V-type Renault engine which 
is rated to develop 220 horse-power at a normal engine 
speed of 1,200 revolutions per minute. As the Renault Com- 
pany of France was the first concern to produce a V-type 
aero engine, it is interesting to examine its latest product, which 


shaft is enclosed in an oil-tight casing which is bolted to the 
cylinder heads and a ventilating pipe is provided for each 
cam-shaft at the propeller end. The intake valves are on the 
outside and the exhaust valves on the inside of the cylinders, 
the exhaust being led through a silencer mounted on top of 
the engine. The cylinders have a bore of 125 mm. (4.92 in.) 



has been designed with the particular 
object of driving the powerful “ gun- 
planes ” of the French Air Service. 

Like its immediate predecessor, the 
100 horse-power model, the 220 horse- 
power engine has twelve cylinders ar- 
ranged in two rows of sixes so as to form 
an angle, or V. of 60 degrees. The cylin- 
ders, made of high grade steel, are 
mounted separately on the base chamber, 
and are surrounded in pairs by auto- 
geneously welded steel water-jackets. 

In each pair of opposite cylinders, it is 
arranged that one piston rod is connected directly to the 
crank pin, while the other is attached to a bearing on a pro- 
jection from the first. The crank-shaft is supported by four 
bearings lined with anti-friction metal and its propeller end is 
provided with double thrust hall bearings, so that either a 
tractor or a pusher air-screw may be mounted. 

1 he valves are of the overhead type and have a very large 
diameter, which secures high volumetric efficiency. They are 
operated by individual rocker-arms and by two overhead cam- 
shafts, one for each row of cylinders, which are driven 
through bevel gears from a vertical shaft and two inclined 
shafts at the anti-propeller end of the engine. Bach eam- 


and a stroke of 150 mm. (5.90 in,), 
Lubrication is effected by a gear pump, 
located on the bottom of the sump, 
through forced aud splash feed. The oil 
is first led in two flows to the crank-shaft 
bearings and to the crank-pins. The 
cylinders are lubricated by splash. Fur- 
thermore, the oil is driven to the magneto 
driving gears, to the vertical and in- 
clined shafts driving the cam-shafts, and 
finally into the cam-shaft casings. The 
wastage of oil is compensated by an 
auxiliary gear pump, mounted below the 
main pump, which draws the oil from the main tank. Both 
pumps are jointly operated through a worm-drive by a hori- 
zontal shaft, which is driven by the crank-shaft through a 
vertical shaft with a bevel gear. 

There are two automatic carburetors, one mounted on the 
outer side of each row of cylinders, each carburetor feeding 
its individual row, through a two-branch tubing, in two sets 
of three cylinders. The volume of mixture admitted into the 
cylinders can be manually controlled by a throttle valve. The 
mixture itself is slightly heated by a water-jacket surround- 
ing the carburetors and tubing, through which the water of 
the cooling system circulates. A proper mixture is automat- 
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uow covered with a yellowish cloth, 
and doped with a transparent varnish 
of a bluish tint, which makes the wing 
more difficult to pick out against a 
blue sky. 

In the Albatros scouting biplane of 
Figs. 5 and 6, a thoroughly represen- 
tative machine, the tails consist of ■ 
large stabilizing plane, generally of 
nearly semi-circular form, followed by 
two elevator flaps. The surface of the 
fixed portion is about 24 sq. ft., that of 
the elevators 13 sq. ft. The contour 
is very much like that of the old Nieu- 
port monoplane. The rudder, too, is 
approximately semi-circular, 5 sq. ft 
in area, and is preceded by a triangu- 
lar tin of 4 sq. ft. The Aviatik of Fig. 
3 employs a most peculiar arrange- 
ment, having the characteristic tri- 
angular flu, but following it with > 
balanced rudder whose axis is some 
distance behind the trailing edge of the 
flu, so that, when the rudder is turned, 
there is a discontinuity between the 
two surfaces; a thing which seems ex- 
tremely undesirable, as it must greatly 
enhance the eddy effect about the rear. 

The fuselages are all rectangular in 
section, and are generally more curved 

face. The Aviatik diverges from stand- 
ard practice here in that the forward 
portion of the fuselage and engine 
cover instead of being composed of 
smoothly curved surfaces, is almost 
exactly pyramidal in form, ns shown 
in Fig. 7. 

Before the war, the landing gear 
favored by the Germans was that of 
the Etrich Taube, a form not unlike 
Bleriot’s. This has been abandoned 
in favor of the simple V chassis con- 
stmoted largely of metal. Rubber 



Fig. 6. Albatros, Scooting Biplane. 


shock absorbers are used, and the track is large (from 
6 to 8 ft.). 

All the German biplanes use 6-eylinder fixed motors, 
mounted with the cylinder heads protruding up out 
of the fuselage. The exhaust pipe is of unusual form, 
the gas being carried straight up from the manifold 
and discharged above the top plane. (See Fig. 4.) 

Water cooling is universal, and the radiator, inclined 
toward the rear, is mounted just below the top plane 
in several cases, notably the L. V. G. and Aviatik. 

In this disposition, the usual honeycomb radiator is 
used, and the total cooling surface for a 160 h.p. 
engine is roughly 73 sip ft. In other machines, the 
Hazel radiator is still found. The tanks are placed 
under the seat or at each side of the observer, and fuel 
is pumped by hand to an auxiliary tank under the top 
plane, whence it feeds by gravity, or else a small 
mechanically operated pump forces the fuel directly to the 
engine. 

All the machines which we are discussing have two seats 
in tandem, but there is no agreement as to whether the pas- 
senger should sit in front of or behind the pilot. The controls 
are of the usual type, with wheel and foot-bar. Dual control 



Fig. 7. Aviatik. Engine Cover op Pyramid Form. 


is not employed. German military experience apparently 
showing this to be an unnecessary complication. — L’Aerophfle 
(March. 1916). 

RECENT WORK AT THE N. P. L. 

In conjunction with the British Admiralty and the Royal 
Aircraft. Factory the National Physical Laboratory has con- 
siderably enlarged its equipment and stall. Two additional 
wind tunnels have been erected, one of 7 feet and the other of 
4 feet diameter. Recent experiments have dealt with the 


effect of (ill area of airship models on the restoring couples 
which follow a displacement; the stability of kite-balloons; 
the modifications required in an aeroplane wing for a machine 
which is to fly at high speed and to alight at a low speed. 
The form of aeroplane bodies and the disposition of guns 
have been studied. Mathematical analysis has been extended 
to the examination of stability in circling flight, horizontal or 
spiral. The efficiency of radiators for aeroplanes and the 
resistance and stability of aerials are other problems which 
are being dealt with. 


A NEW TYPE OF LANDING GEAR 

A new type of combined land and water chassis has been 
invented by Lieutenant Angstrom of the Swedish Flying Corps. 
Two floats are attached to the chassis, one on either side, and 
to each float is rigidly secured the axle of a wheel, the wheel 
projecting over the inner edge of the float for nearly half its 
diameter. The floats are hinged so as to turn in an angle of 
90 degrees. When adjusted for hydroplaning, the floats are 
hung so that the wheels are in a horizontal position, as shown 
in the front and side elevations in Fig. 1. 

When it is desired to use land gear, the floats are rotated 
through an angle of 90 degrees, bringing the wheels into the 
vertical plane, as is illustrated in Fig. 2. The axes of rotation 
lie in the center of the upper surfaces of the floats and the 
change is carried out by means of wires attached to the upper 
edges of the floats, and passing over pulleys. At the cost of 
a slight additional complication, the wheels may be sprang 
into position by means of coil springs, as shown in Fig. 3. 

The inventor suggests the use of a triangular linkage, with 
one extensible side, similar to the chassis of the Bleriot XI, but 
lying in the transverse instead of the longitudinal plane. — 
Flight (May 11, 1916). 



Fig. 1. Fig. 2. 

A New Type op Landing Gear. 



Fig. 3. 
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AIRCRAFT IN WARFARE 

By F. W. Lanrhesler 
(Constable, London, Price 64,00. Pp, 2221 

The book is mainly compiled from n series of articles in 
Engineering covering- a period from September to December, 
1014. 

It contains a number of very interesting photographs ol 
R. A. F. machines, including the inherently stable B. E. 2e 
and the R. A. F. Type F. E. 2. designed to carry a gun weight 
of 300 lbs.: also the fast Sopwith Scout, the White and 
Thompson flying boat, and other well known machines. The 
collection forms a very good compendium of British practice. 

The author speaks of the modern aeroplane as “flying it- 
self," and inherently stable machines are apparently taken 
for granted in British practice. Considering the discharge 
of an aerial torpedo which may constitute one quarter of the 
gross weight of the machine, the author states that with a 
dynamically stable machine the disturbance due to the release 
of the torpedo is well within permissible limits, and the ex- 
tent of the initial undulation is the same as that produced 
by an adverse wind gust of ten miles per hour. The only 
condition to be observed is that the center of gravity of the 
torpedo should be approximately in the same vertical line as 
the center of gravity of the whole machine. 

Opinion in this country is still divided ns to the value of 
the inherently stable machine, but the authoritative views of 
Mr. Lanchester, based on close observation of performance in 
the war, justify the view that such machines are indispensable. 

The author discusses very ca refully the question of arma- 
ment. and considers the armament required at flights of vary- 
ing altitudes. Two thousand feet is taken as representing 
the lowest altitude limit of ordinary' military flight, and willi 
an armament of three ram. steel in all its vitals, a machine 
at this altitude would be extremely difficult to bring down. 
The chapters on armament are worth very serious study. 

Consideration of the Lewis qtiickflring gun, bomb throw- 
ing, steel darts, and of torpedo discharge make very inter- 
esting reading. 

The Tactics of the Aeroplane are dealt with in scientific 
and masterly fashion. Aircraft is considered in the service 
of the Navy, in attacking submarines and dirigibles and in 
the service of the Army. There is a very skilful and plausible 
demonstration of wbat the author calls the law of N 1 : the 
fighting strength of a force is equal to the square of its 
numerical strength multiplied by the fighting value of its in- 
dividual units. Such a law confirms the concentration of 
force as practised by commanders throughout the ages, 
whether on sea or land. 

The book makes easy and fascinating reading: its utility 
to all interested in the military development of the aeroplane 
is apparent, and it would serve ns a stimulus to any one inter- 


plete. Much of it is, of course, hardly of interest to the 
aeronautical engineer. But, on the other hand, it contains 
a wealth of information on materials, alloys, timber, strength 
of materials, machine shop practice, mechanics and mathe- 
matics. engineering measurements, patents, etc., which the 
aeroplane designer or constructor will find of immediate 

The section on Aeronautics, though somewhat condensed, 
deals with resistance of bodies, stmts, cables, wing coefficients, 
propellers, etc., summarizes standard practice for the main di- 
mensions of a machine, with a number of useful rules, and 
gives directions for preliminary design and for performance 

No better handbook could be selected by the aeronautical 
engineer as his standby, either for general or more special- 
ized aerodynamical data. 
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Aeronautical Patents 
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Filed March 30. 1914. To William E. Somerville, i 


i explosive charge and b 




... Brownfield. j 


ISSUED 1 


1 .190.397. . Filed A llff. 


MECHANICAL ENGINEERS' HANDBOOK 

'This monumental work is based on the German Hiitte, now 
in its twenty-second edition. It is divided into fifteen sec- 
tions, each of which has been handled by a number of most 
eminent American specialists, and covers the whole field of 
inerchanica) engineering. 

The information is concise, excellently presented, and com- 
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Monoplane w 


The Wright, Model L, Light Reconnaissance Aeroplane 






The Wright, Model L, Light Scout, a one-man tractor, 
has been designed to fulfill a demand for high speed, 
moderate power, light weight, economical upkeep, and ability 
to fly at very low speeds, at a fair purchase price. This 
machine gets off the ground very quickly, even at slow speed, 
and has a range from 35 to 81 miles an hour, as measured by 
the Wright Company on the field, the latter speed heing ob- 
tained at a test in which 


pressioii that the machine 
is Hying without effort; 
it seems to verily float; 
and it drives like an auto- 
mobile. With the motor 
well throttled down, the 
machine still flies at a 
safe angle. 

While designed pri- 
marily for military scout- 
ing, on lines laid down 
by a representative of 
the War Department, its 
small dimensions a n d 
light weight make it a 
runabout particularly 
suitable for the sportsman owner. There is simplicity ex- 
pressed in every detail, and in the event of repairs becoming 
necessary these can he made with the minimum of expense 
in time and money. Its quick-rising ability makes it available 
on fields where a larger machine would lie out of the question. 

The photograph that is reproduced herewith gives a good 
idea of the general style and appearance of this machine. 


load comes, are formed with eyes, securely soldered, which 
loop over hook-plates under the strut -ends. By taking out a 
small bolt which runs through the strut and its fitting, the 
struts are slipped out, releasing the wires from the hook- 


e spruce, 
thin ai 



Wright, Model L. Scout 


■ith very little head resistance, 
i deep dimensions throughout, 
save at the euds where 
they taper to the fittings. 
At each side of the fusel- 
age is a narrow surface 
to which the lower wings 
attach. The struts in the 
engine section run from 
these small planes to the 
upper plane in this sec- 

The wings are thus en- 
tirely separate and indi- 
vidual units. There is no 
wing surface under the 
fuselage. Spruce lateral 
spars are of ample di- 
mensions. The ribs are 
solid spruce, I-beam sec- 
tion with the webs drilled. 
Tlie fabric is Irish linen, 
strips are attached to the top 
place, and the wings are 


e ami kuIUIdk 




..... .rlanaalar wings, non' each 

I.1SIUSSO. Filed April 28. 1913. To Jefferson M. Gardner. New Lon. 
don. Conn. Airship car with tilting sleeve. 


doped and varnished. Spruce 
side of each rib to bold the cloth ii 
adequately wired internally. 

Supplementary Planes. — There is a semi-cirealar fixed 
stabilizer, non-lifting, to which the elevator flaps are hinged. 

Controls. — Lateral equilibrium is maintained by double- 
acting ailerons cut out of both upper and lower planes, hinged 
to the rear lateral spars. These have a slight curve and nor- 
mally are actual portions of tlie wings. A spruce spacer strut 
connects the upper and lower ailerons. The eoutrol cables 
run from the spacer strut-ends over pulleys at the upper and 
lower extremities of the adjacent plane struts and along the 
wings to the steering column. The cable from the lower 


aim W. Trccinan. Oklahoma. Okln. 



f RIGHT, Model L, Scout. Front Elevation 


Wright, Model L, Scout. Plan 

The details of construction are indicated on the drawings of 
the plan, and front and side elevations, which scale approxi- 
mately 8.7 feet to one inch. The following description of con- 
struction is of interest: 

Supporting Planes. — The upper plane is in three sections 
and the lower in two, interchangeable, in a vertical direction. 
The wings are readily demountable from the engine section 
for shipping or motor haul. The guy wires are solid steel 
wires, not cable, cut to length. No tnrnbuckles are used in 
guying the main cell. The wires, which are double where the 


trnl and vice versa. The ample 
s very easy control. The bnl- 
n a rudder bar by cables run- 
iage to the steering wheel. The 
cables from the masts through 


aileron runs to the top of the 
surface of the ailerons insui 
nnced rudder is operated fix 
ning into and through I lie fns 
elevator flaps are operated b; 
the fuselage to the wheel. 

The steering set used is the standard Wright. Turning the 
wheel right or left operates the ailerons; rocking the wheel and 
ils supporting column tore and aft operates the elevators. An 
aluminum hand lever turns the rudder with very little pres- 
sure. Gripping the wheel and the lever at the same time in 
one hand causes the rndder to turn simultaneously with the 
operation of the ailerons ; otherwise the ailerons may he oper- 
ated entirely independently. 
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With the Aero Clubs 


The aileron and rudder cables end in short chains which run 
over sprockets on the steering column. The aileron sprocket 
is rigidly attached to the axis of the steering: wheel and the 
rudder sprocket is free on the same shaft. Gripping the rudder 
lever with the wheel in one hand obviously rotates the two 
sprockets simultaneously. 

Fuselage. — The fuselage is of usual box girder construc- 
tion, strong wire braecd. The nose is covered with aluminum, 
with very large doors to give access to the motor. The balance 
is covered with linen, doped, painted gray and varnished. 
The deck is of veneer, linen covered. The body tapers to a 
vertical knife edge at the rear. The rudder is hinged to the 
rearmost strut of the fuselage. Where control cables pass 
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into the fuselage, brass eyelets are used. In the fuselage no 
bolts pass through spars, a special fitting obviating this prac- 
tice. The longitudinal spars are ash and the vertical and hori- 
zontal ones are spruce. The pilot sits in a comfortable pit 
under the trailing edge of the upper wing. 

In front of him is a dash with gasoline gauge, clock, aneroid, 
gas cock, pressure gauge anil slip indicator mounted thereon. 
Pressure in the tank is maintained by hand pump. 

Incidence Indicatob. — On a strut is fastened the Wright 
angle of incidence indicator, which gives at all times the angle 
of the chord of the planes with respect to the air currents 
through which the machine is flying and is entirely independ- 
ent of gravity. 

Power Plant. — The motor is the latest Wright, six cylin- 
ders, 4% by 4% inch bore and stroke, rated at 70 horsepower. 
The tractor screw, of high pitch, is mounted on a short shaft 
which forms part of the Wright flexible drive. The engine 
shaft has a light flywheel keyed to it. Concentric with this 
is a steel disc to which the propeller shaft is keyed. Eight 
stud bolts project from the disc and the flywheel respectively 
and over eaeh pair of studs is a short hut very heavy endless 
rubber band. These bands transmit the full power of the 
motor to the propeller and absorb vibration and sudden 
strains on propeller or engine shaft. 

The gasoline tank is to the rear of the motor, inclosed in 
the fuselage. The entire engine is covered in by the fuselage, 
the exhaust pipes sticking through holes in the deck. A flat 
tube radiator is on either side of the nose of the foselage and 
these are quickly demountable by unfastening retaining straps 
which hold them to plates attached to the framing. The hose 
conneetiuns can be quickly taken off. 

Running Gear. — The chassis is very simple. The axle is a 
steel tube. The wire wheels are 26 inches by 4 inches, liberal 
for the machine. The spokes are covered by aluminum discs. 
The chassis struts are of ash. The weight of the machine i 
sprung from the axle by rubber baud shock absorbers. 

General Information. — The span is 29 feet, gap 5 feet 9 
inches, chord 6 feet, area of main planes 334 square feet, 
length overall 24 feet, weight empty 850 pounds. A useful 
load of 650 pounds may be carried, including 12 gallons of 
fuel for two hoars’ flying, water, oil, pilot, etc. The gross 
weight per square foot, including ailerons, is 4.5 pounds. 


OUR NEW NAVAL ANTI-AIRCRAFT GUNS 



The battleships Texas. Pennsylvania and Nevada of the At- 
lantic Fleet are being equipped with the new anti-aireraft guns 
shown in the above photograph, and before long eighteen other 
battleships and cruisers in the United States Navy will lie 
provided with these weapons, which are said by naval oflicers 
to be the most efficient guns yet made for use against aircraft. 

Tile new gun lias been developed through experiments eon- 
ducted in the Bureau of Ordnance during the past three years 
under the direction of Rear Admiral Strauss, and special credit 
for the design is given to R. G. Marvell, Commander A. h 
Norton, retired, and Commander C. B. McVay. 

The weapon is a three-inch rifle, fifty calibres long, winch 
according to claims, will hurl shells 27,000 feet into the air at I 
an angle of 90 degrees, at rapid lire rates. The careful tests | 
made on several of these guns at the Indian Head proving [ 
grounds have convinced naval officers that they are thoroughly 
efficient, eoming up fully to the predictions and expectations 
of the designers. 

The plans of the Navy Department call for the placing of 
two of these guns on each battleship, riveting them fore and 
aft on the rear stands of the gun turrets so as to secure the | 
best possible firing radius. By this arrangement, the guns can i 
be swung into position for firing in all directions. 


The Aero Club of America 


Acting upon request of Secretary of War Baker, the Ex- 
ecutive Committee of the Aero Club of America has sub- 
mitted to the War Department, an elaborate program for 
organising the nation's aerial forces. This program is to 
provide lor tlie following items : 

1. — One aero squadron of twelve machines for each of the 
twelve militia divisions, as was provided for in the organiza- 
tion tables of 1914, but could not he carried out for lack of 
funds. Eaeh squadron is to cost $800,900. making a total 
of $9,000,000. 

2. — One aero squadron for eaeh of the four armv divisions, 
0t $800,000 per squadron, a total of $3,200,000. 

3. — Two aero squadrons for each of the three coast artil- 
lery districts, at $800,000 per squadron, a total of $4,800,000. 

4. — At least 450 machines for training aviators at a total 
.ost of $3,000,375. 

5. — For establishing ten aviation schools, $5,000,000. 

6. — A number of dirigible and kite balloons for sendee 
with the Army, costing a total of $2,000,000. 

7. — A competition for aero engines, automatic stabilizers 
and other safety devices, to cost a total of $1,000,000. 

In addition to the above program, which provides for the 
needs of the United States air services to be created, the Ex- 
ecutive Committee of the club lias outlined the following 
plans which, according to its own words, “ if carried out, will 
give fairly substantial aeronaut ieal organizations to the Army, 
Navy and Militia, and constitute a good step towards placing 
the United States in the safe position aerially.” 

Tills second program of the Aero Club of America calls 
fur; 

1. — An increase of the Army appropriation from the 
$1,222,000. now provided for, to $5,000,000, which is the 
amount required to organize, equip and maintain for one year 
live aero squadrons, including the cost of training and pay 
to officers and mechanics. A detailed cost of one aero squad- 
ron is given in the estimate shown below. 

2 — An increase of the National Guard appropriation for 
training officers from the $70,000 now provided for to $1,900,- 
01)0, which is the amount required for training 160 militia 
officers and providing the necessary flying material. To this 
should be added tlie eost of establishing six aviation schools, 
building of sheds, machine shops, etc. 

3. - -An increase of the estimate for aeroplanes and equip- 
ment to be supplied by the militia division of the War De- 
partment to the National Guard from less than $1,000,000 to 
$2,000,000. 

4. — A sum of $2,000,000 for providing dirigible and kite 
balloons for the Army. 

5. — A sum of $1,000,000 for the organization of a civilian 
aviators* reserve corps. 

0. — A sum of $3,000,000 for providing dirigible and kite 
balloons for service with the Navy. 

7. — A sum of $1,000,000 for establishing a chain of aerial 
coast patrol stations, to be operated either by the Navy or 
by the Naval Militia, in cooperation with the Coast Guard or 

The figures given below, based on the experience of the 
United States Army Aero Corps, give the estimated cost of 
equipment lor one Army aero squadron ot twelve machines 
(base number) in the field, always ready for service on the 
first line: 



This estimate does not include cost of any laud, cost of any 
permanent shops, hangars, or other buildings, or pay of any 
offieere, civilian expert mechanics, or enlisted men, or of any 
material used in training pilots. 


The Harvard Flying Club 

Several Harvard alumni, led by Robert Bacon, formerly 
Ambassador to France, have established a fluid for the train- 
ing of Harvard students in aviation. 

The committee has received many applications from Har- 
vard undergraduates who want to learn to fly, some of them 
among the best athletes in the University. The first nine se- 
lected were Frederick S. Allen of Pelham Manor, Francis T. 
Armory, Jr., of Boston, Edmond H. Bates of West Medford, 
Mass.; William B. Bacon, M. Philip Bryan, and Hamilton 
Coolidge of Brookline. Mass.; Donald D. Harries of Minneap- 
olis, Harry H. Metcalf of Westboro, Mass., and Joseph R. 
Torry of Worcester, Mass. 

These men have reported to tlie Curtiss Aviatiou School in 
Buffalo and are now in training. Mr. Bacon and the Aero 
Club of America have offered a bonus of $50 for eaeh student 
obtaining his license. The fund now amounts to $4,683, with 
$2,400 pledged for the future. 

The Executive Committee in charge of the collection and 
distribution of the fund are: William Thomas. George von 
L. Meyer, G. Richmond Fearing, N. Penrose Hallowell, Allan 
Forbes, Eliot Wadsworth, Philip A. Carroll. S. Huntington 
Wolcott, E. V. R. Thayer, Charles E. Perkins. Benjamin Joy, 
A. J. Drexel Paul, Roger Armory and Gordon H. Batch. 

It will cost about $400 to train each man so that he may 
be able to take the tests for his pilot's license, and $10,000 
more is needed to carry the plan to completion. The com- 
mittee invites subscriptions from Harvard men and those inter- 
ested in the welfare of tlie nation, which should be sent to the 
Undergraduates Aero Training Fund, 40 Water Street. Bos- 


Tlie New York Flying Yacht Club 

The New York Flying Yacht Club has secured permission 
from tlie Department of Parks and Docks of New York to 
establish a hydroaeroplane station at 129th Street on the 
Hudson River. This club was recently organized by J. C. 
Mars and Augustus Post to provide facilities for owners 
of air craft in New York City. An aviation field will 
also be procured as soon as possible. The club is modeled 
on the plan of the yacht clubs that have been so successful in 
various ports of the country, and is the first of a type that 
is sure to beeome very popular. One of the first events 
planned is the “ Manhattan Island Derby,” for which a trophy 
valued at $5,000 and cash prizes of $5,000 will be offered. 

There are now twelve sportsmen aviators who live within 
flying distance of New York, and these are interested in the 
North River station, as it will make it possible for them to 
fly to the city each day. They will land at the station and 
leave their machines in the hands of competent mechanics, 
who will have them tuned up and ready for the flight home 
after their owners have finished their day’s work. Three aero- 
plane manufacturers have made application for hangars at the 
station where they can keep machines for demonstration pur- 


The Aero Club of Illinois 

A new aerial voluteer force has been organized in Chi- 
cago by the Aero Club of Illinois under the name of U. S. 
Central Aviation Reserve. Plans for the organization of this 
force are completed; there will be a full squadron composed 
of three companies, with a total of 149 officers and men. Two 
high-powered tractor biplanes have already been ordered for 
the First company, and all but a few hundred dollars of the 
$20,000 necessary to mnke the purchase have been subscribed. 

More than 150 men, some of whom have seen military serv- 
ice, enlisted for service with the squadron. 


The Aero Club of Vermont 
The Aero Club of Vermont was organized at Fort Ethan 
Allen, Burlington, Yt.. on July 6. The president of the elub 
is James Hartness of Springfield, Vt., who is an old-time en- 
thusiast of aviation. Many of the members belong to the Nor- 
wich Military College. 

The formation ceremony was held on the parade ground ot 
the state encampment, where the visitors were welcomed by 
Governor Gates. The Aero Club of America was represented 
by Rear Admiral Peary and Augustus Post. 
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A New Jersey Corporation 
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Monoplanes Biplanes 

THE STURTEVAN'T 140 HORSE-POWER STEEL TRACTOR 
IT IS REPORTED THAT— TRADE NOTES 
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Aeronautical Engines 
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Flying School 

Sheepshead Bay Speedway, N. Y. 
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All the BEST Aeronautical PROGRESS — NEWS — ILLUSTRATIONS 


AVIATION 

AND AERONAUTICAL ENGINEERING 


SEMI-MONTHLY, 24 NUMBERS WITH A TOTAL OF AT LEAST 762 PAGES A YEAR WILL CONTAIN 


The 24-Part COURSE IN AERODYNAMICS AND AERO- 
PLANE DESIGN, by the Instructors in Aeronautics in the Mass- 
achusetts Institute of Technology. 

SPECIAL TECHNICAL ARTICLES written by the leaders in the 
Profession on Every Phase of AERONAUTICAL PROGRESS. 
POPULAR AERONAUTICAL ARTICLES in Every Issue. Illus- 
trated by the BEST PHOTOGRAPHS and LOTS OF THEM. 
All the REAL NEWS of the Industry and of the Aviators presented 
in Condensed and Attractive Form. 

The Doings of the AERO CLUBS and all the FEDERAL and 
STATE MILITARY and NAVAL NEWS. 


EVERY NUMBER WILL BE PROFUSELY ILLUSTRATED with MANY 
PHOTOGRAPHS — the Best that can be procured 


All for One Dollar a Year 


To secure the Best in Aeronautical Periodicals for a whole year, 
send One Dollar to-day for AVIATION AND AERONAUTICAL ENGINEERING. 


THE GARDNER, MOFFAT COMPANY 

120 West 32d St, New York 


Robert G. Fowler 

and 


Charles F. Willard 

wish to announce 
the 

severance of their association 

with the 


L. W. F. Engineering Company 


OFFICIAL GOVERNMENT RECORDS OF 


Martin Tractors and Seaplanes 

GIVE THEM THEIR ENVIABLE POSITION 
IN THE 

AVIATION WORLD 

Reconnaissance Aeroplanes 
Aero Y achts 
Military Seapl anes 

Glenn L. Martin Company 


LOS ANGELES, CALIFORNIA 


